INTRODUCTION
Research on forage farming has sought to relate plant response to management based on criteria associated with biomass abundance, such as herbage allowances (HA). By integrating information on forage mass and stocking rate, studies on HA allow us to safely evaluate animal performance in pastures (SOLLENBERGER et al., 2005) .
To understand the effects of different types of management strategies on pasture dynamics and evolution, knowledge of the growth, intake, and senescence of forage species is fundamental. Thus, determination of these parameters through biomass flow technique is fundamental for the understanding of pasture ecophysiology (CONFORTIN et al., 2009 ).
In southern Brazil, annual ryegrass (Lolium multiflorum Lam) has great importance in livestock systems. The ryegrass is a spring-winter growth species that has high nutritional value and can be used in the efficient and economically viable production of lambs, which are animals with high nutritional requirements. The identification of the growth stage of grasses is fundamental for making decisions regarding pasture management. Progression of the phenological stage modifies the botanical and structural composition of ryegrass (SKONIESKI et al., 2011) , occurring less participation of green leaves and reduction in their quality.
To evaluate biomass fluxes in ryegrass under continuous stocking, it was recommended that the canopy height be kept between 10 and Graminho et al. 15 cm (PONTES et al., 2004) . While comparing methods (rotational and continuous) and two grazing intensities (low and moderate), CAUDURO et al. (2007) verified that rotational stocking and low intensity favored growth flow and in continuous stocking with low defoliation intensity, the senescence rate was increased. In a study on ryegrass managed under three forage disappearance intensities, CONFORTIN et al. (2009) observed that in grazing, the 43.3% disappearance intensity of pre-grazing forage mass allowed a greater flow of leaf blades intake, with intermediate growth and senescence flows. SILVA et al. (2015) , observed that when ryegrass is managed under different stocking rates, the leaf biomass flow is not altered.
Considering the importance of annual ryegrass in animal husbandry, studies that relate forage abundance to biomass flows are relevant, since they contribute to devising adequate strategies for the management of this forage species. The objective of this work was to evaluate the dynamics of leaf tissue flows and to characterize the ryegrass canopy structure in different phenological stages and managed under three herbage allowances in grazing with sheep under intermittent stocking.
MATERIAL AND METHODS
The experiment was carried out at the Federal University of Santa Maria (UFSM), located in the central depression region of Rio Grande do Sul, in a soil classified as Arsenic dystrophic Red Argisol. The climate of the region is humid subtropical (Cfa), according to Köppen classification. The 0.6 ha experimental area was subdivided into six plots, which constituted the experimental units. The ryegrass (Lolium multiflorum Lam) cultivar 'Common' was planted in May 2012, using 45 kg of seeds per hectare. The period of pasture use was from June to October 2012. Fertilization was done using 200 kg/ha of N:P:K in the ratio 05:20:20. Being 100 kg of N/ha in the form of urea carried out in tree applications on the vegetation cover on 06/06, 07/07 and 18/08/2012.
Grazing occurred at an intermittent stocking density, and the animals were allowed forage at the rate 6, 9, and 12 kg dry matter (DM) per 100 kg body weight (BW), in two phenological stages of ryegrass: vegetative (06/24/2012-09/03/2012) and pre-flowering (09/04/2012), determined according to the scale proposed by MOORE et al. (1991) .
The criterion to determine the interval between periods of occupation was the accumulated thermal sum (TS) of 250 degree days, equivalent to the thermal sum necessary for the successive appearance of two leaves of ryegrass (CONFORTIN et al., 2010) . Plots were occupied for 12 days at a time and one grazing cycle constituted the occupation period plus the interval until the beginning of the next occupation. The thermal sum (TS) was calculated by the equation: TS=Σ (Mdt -5 °C) where Mdt = mean daily temperatures (°C) of the period and 5 °C = value considered as base temperature of cold season species (CONFORTIN et al., 2010) . In the vegetative stage, the pasture was occupied twice with 26-day intervals between each occupation. There was a 12-day interval between the vegetative and pre-flowering stages.
The animals used were 8-month-old Suffolk lambs, with an initial mean weight of 43 ± 4.6 kg. The lambs had free access to water and mineral salts. Three test-lambs per plot and a variable number of control animals were used to adjust the bids.
The forage mass (kg DM/ha) was determined by means of the double sampling visual estimation technique, performed at the beginning and at the end of each grazing period. From the forage of the cuttings, the dry matter content and the participation of the botanical and structural components of the pasture were determined at the beginning and the end of the grazing cycle. Subsequently, the material was dried in a forced air circulation oven at 55 ºC until constant weight was achieved. From the proportion of leaves and stems, the leaf: stem ratio at the beginning and at the end of each grazing period was determined.
The daily forage accumulation rate was determined by the formula: FDR = (MF1 (i) -MF2 (i-1))/D. Where: FDR = forage accumulation daily rate; FM1 = pre-grazing forage mass of the grazing cycle "i"; FM2 = post-grazing forage mass of the grazing cycle "i-1"; D = number of days in the grazing interval period. The instantaneous stocking rate was determined by the relationship between body weight (kg) of the animals and the area of the management unit occupied by the animals during the grazing period.
HA was calculated by the formula: HA = ((MF / n + TAD) / TL) × 100, where HA = herbage allowances (%); MF = mean forage mass (kg/ha DM) = [(initial MF + final MF)/2]; n = number of days of the grazing period (days); FDR = forage accumulation daily rate (kg/ha/day DM); SR = stocking rate of the grazing cycle (kg/ha of BW). The supply of green leaf blades was obtained by multiplying HA by the mean percentage of leaf blades in MF.
The canopy height, measured as the distance (cm) from the soil surface to the mean leaf fold height, was measured daily during the grazing period and every 3 days during the grazing interval. For the determination of morphogenetic and structural characteristics, the technique of marked tillers (70 tillers evaluated by HA) was used. The length, appearance, and number of leaf blades, in addition to their condition (intact or defoliated, presence or absence of senescence,) and pseudostem height were measured daily during the grazing period and every 3 or 4 days at intervals between grazing. The depth of leaf blades was calculated by subtracting the pseudostem height from canopy height. During the grazing cycles, the population density of live ryegrass tillers (tillers/m 2 ) was counted in three fixed areas of 0.0625 m 2 per plot. Senescence rates, foliar leaf elongation in cm/degree day were calculated by the ratio between the elongation or mean tiller senescence between two consecutive evaluations and the accumulated thermal sum in the same period. Flows of growth (FGro), senescence (FSen), and intake (FIn) were determined by equations described by PONTES et al. (2004) . FIn was calculated for each period of occupation of plots, while FGro and FSen were calculated for the whole period. The actual efficiency of pasture utilization (AEU) was calculated using the equation AEU = FIn/FGro, and the potential efficiency of pasture utilization (PEU) was calculated using the equation PEU = 1-(FSen/FGro) (LOUAULT et al., 1997) . For net balance (NB) determination, the equation NB = [FGro -(FSen + FIn)] was used. For the determination of leaf blade intake (in % of BW), the mean flow of intake was multiplied by 100 and divided by the stocking rate.
The experimental design was completely randomized, with measures repeated in time and use of two area replications. After conducting normality test, the data were analyzed by a mixed model, considering the fixed effect of HA, phenological stages ('vegetative' and 'pre-flowering'), and their interactions, and the random effects of the residue and of nested plots in the HA. The selection of the best matrix structure was made based on the Bayesian information-BIC criterion. When differences were detected, the means were compared by the lsmeans procedure with 10% probability. The variables were also submitted to Pearson's correlation analysis. The statistical package SAS version 9.2 was used (SAS, 2002) .
RESULTS AND DISCUSSION
The HA values observed were close to the values required by the experimental protocol, being 12.6 (12), 8.8 (9), and 6.6 (6) %. There was no interaction (P=0.6907) HA × phenological stage for the variable instantaneous stocking rate. The stocking rate was higher (P=0.0334) in the 6 % HA (3436 kg/ ha of body weight (BW)); intermediate in the 9 % HA (2382 kg/ha of BW), and lower in the 12% HA (1791 kg/ha BW). The instantaneous stocking rate in the vegetative stage was 2014 kg/ha of BW, being 36% lower than the stocking rate observed at the preflowering stage (3125 kg/ha of BW; P=0.0018).
There was no interaction between HA and phenological stage for canopy height, leaf emergence rate, forage mass in pre and post-grazing, allowances of leaf blades, and population density of ryegrass tiller ( Table 1 ). The height of the canopy was higher in the 12% HA, being 4.9 cm higher than the mean height (7.8 cm) observed in plots managed with 6 or 9% HA, the latter two not differing significantly from each other. In the 12% HA, the canopy height was within the range of 10-15 cm, recommended by PONTES et al. (2004) , which would optimize ryegrass biomass flows.
Leaf blade emergence rate (LER) was similar in the 6 and 9% HA (0.0095 leaves/degree day) being 26% higher than that observed in the 12% HA (Table 1) . LER was similar in the phenological stages of ryegrass (0.0085 leaf/degree day; table 1). The pseudostem height in the 12% HA was 7.5 cm, being 37% higher than the height observed in the 6 and 9% HA (Table 1) , the latter two being similar to each other. The pseudostem height in the pre-flowering stage was greater than the height observed in the vegetative stage (Table 1) . There was a negative correlation (r=-0.77; P=0.0119) between LER and pseudostem height, which may explain the differences in LER in the different HA, since the pseudostem length is the distance that an elongating leaf must travel to emerge (PENA et al., 2009 ). Thus, the distance traveled by the leaves until their appearance in the HA 6 and 9% was lower than the distance traveled in the 12% HA, allowing the appearance of more leaves per degree day in the lower HA. In the phenological stages, the pseudostem height variations were not enough to alter LER.
Pre-and post-grazing mass values of foliar leaf mass and pseudostem (Table 1) were similar in all HA (P>10). The transition from vegetative stage to ryegrass pre-flowering resulted in pre-and postgrazing forage masses that were 43 and 38% higher, respectively (Table 1) , which may have been caused by a 72% increase in mean stems, from 241 to 875 kg DM/ha, from the vegetative stage to pre-flowering, without difference in the mean mass of leaf blades. The stem mass increase showed a correlation with pseudostem length (r=0.68; P=0.0114), which was Graminho et al. higher in the pre-flowering period, during which ryegrass internodes elongate.
In HA, the change in forage mass structure was manifested in differential leaf blades supply (LBS). The highest LBS was observed in 12% HA, being 1.25 percentage points higher than LBS in the plots with 6 or 9% HA, the latter two not differing from each other. At the vegetative stage, the LBS was 4.5 times higher than the LBS observed at ryegrass pre-flowering. (Table 1 ). The lowest LBS in the 6 and 9% HA may have been the result of an observed higher stocking rate and also greater accessibility to grazing of this component.
Tiller population density (TPP) was similar in 6 and 9% HA (4533 tiller m 2 ), being 19% higher than the TPP observed in 12% HA (Table 1 ). The 12% HA higher canopy (Table 1) probably caused less light incidence on ryegrass basal buds, and consequently, the yield of tillers was lower in this HA because greater light incidence at the plant base stimulates tillering (SBRISSIA; DA SILVA, 2008). Contrarily, TPP was similar (Table 1) in the phenological stages, with canopy height being similar in the vegetative and pre-flowering stages of ryegrass.
There was no HA × phenological stage interaction for the FGro of leaf blades (Figure 1 , P=0.2066), which was similar in all HA (47.6 kg DM, P=0.4158). The FGro of leaf blades in the ryegrass vegetative stage (60.3 kg DM of leaf blades/ ha/day, P=0.0045, figure 1) was 41.4% higher than the observed FGro during pre-flowering (35.3 kg DM of leaf blades/ha/day). During pre-flowering, floral induction possibly decreased the FGro. During elongation of the apical meristem of grasses, the plant ceases leaf production and all nutrient allocation to older leaves, and the photo-assimilates produced are reserved for internodal elongation and reproductive structure formation (SALVADOR et al., 2014) .
The different HA did not cause enough structural changes in the canopy to change leaf blades flow (48.7 kg of leaf blades/hectare/day, figure 1, P=0.2206). In the vegetative stage, FIn was 60.9 kg DM of leaf blades/ha/day, 39.4% higher than that observed in the pre-flowering stage (36.6 kg DM of leaf blades/ha/day, P=0.0076, figure 1) . FIn of leaf blades correlated with leaf: stem ratio (LSR; r=0.60 P=0.0323). According to Zanini et al. (2012) , nutrient intake and animal performance are affected by components associated with the architecture and morphological and botanical composition in the pasture, as well as changes in leaf blades supply and leaf: stem ratio occurring during pre-flowering, which possibly results in a lower FIn of leaf blades. Also, during pre-flowering, the lower FIn may have occurred because of the increase in stem mass, since stems present greater resistance to animal herbivory, which is the main factor responsible for changes in the canopy structure of grasses (SALVADOR, et. al., 2016) . There was interaction of HA × phenological stages for leaf FSen (P=0.0602). In the vegetative stage of ryegrass, regardless of HA, leaf FSen was 56.2 kg/ ha/day leaf blades DM (P=0.1446). This flow, in the pre-flowering stage, varied depending on the HA (P=0.0447). FSen was higher (67.7 kg/ha/day leaf blades DM), intermediate (40.1 kg/ha/day leaf blades DM), and lower (21.7 kg/ha/day leaf blades DM) in the 12%, 9%, and 6% HA, respectively. The increase in FSen is expected with the progression of the annual forage's reproductive cycle. Possibly, increasing stem mass and pseudostem height during pre-flowering leads to a higher shading condition in the canopy and shading elevation can contribute to increases in the senescence rate (CONFORTIN et al., 2009 ).
There was no interaction of HA × phenological stages for leaf blades intake in % BW (P=0.6161), being higher (3.34% BW, P=0.0318) in the 12% HA and lower in the 6 and 9% HA (1.84% BW), the latter two not differing from each other. Leaf blade intake correlated highly and positively with LBS (r=0.87; P<0.0001), which is consistent with the fact that leaves are the structures preferentially consumed by animals and are of better nutritional quality (BRATTI et al., 2009) . The reduction in leaf blade intake in the 6% and 9% HA relative to the 12% HA was 52.1%. Forage intake is the main factor that influences the productivity of grazing systems (ELOY et al., 2014) and the greater intake of leaf blades in a given HA may have greater importance in the definition of management strategies and may be useful in decision making in livestock systems.
There was no interaction of HA × phenological stages in terms of the actual efficiency and potential use of ryegrass and in terms of net balance (P>0.1). The actual pasture use efficiency (APUE) reflects the FIn in proportion to the flow of leaf blades and these flows were not changed by the different HA. The APUE (1.23) remained unchanged in the HA (P=0.6567). The APUE was changed with the progression of the ryegrass phenological stage (P=0.0340). The APUE, at the vegetative stage, was 1.11, which means that leaf blades that were growing were consumed by lambs in entirety, creating a deficit of 0.11. However, the passage from the vegetative stage to the pre-flowering caused the APUE (1.35) to decrease by 17%, evidencing a greater difficulty of the lambs to obtain leaf blades for intake.
Potential pasture utilization efficiency (PPUE) was similar among all HA (-0.082; P=0.3456). Possibly, the negative potential efficiency occurred due to the increase of in FSen as the phenological stage progressed, since in the vegetative stage, the potential efficiency was 0.03 different from that observed during pre-flowering (0.19; P=0.0659). Considering that PPUE is defined as the proportion of forage that can be consumed by an animal, if the canopy is maintained at equilibrium (LOUAULT et al., 1997) , in the vegetative stage, a greater proportion of leaf blades was available for intake by lambs, before leaf senescence.
The net balance (-61.9 kg DM of leaf blades/ ha/day) was similar in all HA (Figure 1, P=0 .1194) and phenological stages of ryegrass (P=0.4473). This knowledge of the growth and senescence processes serves to balance the defoliation process to obtain better control of forage availability (PONTES et al., 2004) . The negative balance is because of the fact that FGro was, on average, 48% lower than the sum of FIn and FSen. The negative balance is an indication that the forage consumed is also composed of pseudostems and the participation of this structural component in the canopy was about 35% in the forage mass.
CONCLUSION
Ryegrass pastures managed with herbage allowances between 6 and 12 kg of DM/100 kg of body weight do not suffer changes in growth flows and leaf blade intake patterns and in the potential efficiencies and actual pasture use efficiency. These variables are negatively affected by structural changes caused by the progression of ryegrass phenological stages. Thus, ryegrass can be managed with herbage allowances in the range of 6 to 12%.
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